Abstract. Homecare, i.e., supportive care provided at the patients' homes, is established as a prevalent alternative to unnecessary hospitalization or institutional care (e.g., in a rest home or a nursing home). These activities are provided either by healthcare professional or by nonmedical caregivers, depending on the patient's needs (e.g., medical care or just instrumental activities of daily living).
Introduction
Supportive care at patients' homes is a prevalent alternative to the classical forms of institutional care (e.g., rest homes, nursing homes, hospitals) because it will increase the patient's quality of life while being more cost effective. Homecare 1 activities are performed by caregivers who visit the patient's home, carry out their tasks and then travel to the next patient. This specific feature makes the labor organization of homecare activities different from the one arising in institutional care. In particular, the patients' visits could have specific temporal and/or operator requirements which might impose the simultaneous presence of different caregivers at a given place, thus requiring a coordination of the tours.
In this paper we consider the problem of scheduling homecare activities for a time horizon H consisting of h consecutive days (H = {0, . . . , h − 1}). On each day d ∈ H we have to schedule a set A d = {0, . . . , n d − 1} of activities located in a given geographic location (x a , y a ) (i.e., the patient's home), with a duration d a and a number m a of needed caregivers. In addition, specific requirements on the time window [σ a , a ] in which the service must be provided can be imposed.
Activities are performed by a set E = {0, . . . , E − 1} of caregivers. Each caregiver e ∈ E starts and ends his/her tour from a geographic location (x e , y e ) and can work on a (possibly different) specific time window [σ e,d , e,d ] on each day d ∈ H. Moreover, he/she cannot perform all the possible activities in a ∈ d∈H A d but only those which are compatible with his/her skills. This is stated by a binary relation ρ e,a , whose value is 1 if caregiver e is compatible with activity a. Finally, because of labor regulations, each caregiver e should work at least t e,d hours on a given day or he/she should have a day off. Moreover, a caregiver e cannot work for more than k consecutive days and for more than t e,d hours on each day. Moderate violations to this latter constraint are usually allowed, but they will count as a overtime work, which has to be penalized.
The problem consists of determining the daily routes of caregivers and the schedules of activities so that the traveling costs and the use of overtime work is minimized. This problem is genuinely hard, being a combination of employee scheduling (more precisely rostering) and vehicle routing with time windows on a multi-period horizon.
It is worth noticing that the basic problem formulation relies on the hypothesis of existence of perfect solutions: i.e., those for which all activities are assigned to a caregiver. Unfortunately, in practice it is not always possible to serve all activities with the available caregivers, therefore in a more realistic formulation we will allow (but highly penalize) solutions in which some activities are left unassigned. The formulation of the problem in this form is the result of the real-world requirements collected and provided to us by EasyStaff, a company specialized in software solutions to timetabling and scheduling problems.
In this paper, we first introduce a Constraint Programming (CP) model of the problem that is based on a vehicle routing formulation. Then we show how we can generally build effective Large Neighborhood Search methods upon this model. Finally, we show with an experimental evaluation on the proposed solution methods on a set of random instances that simulate the structure of real-world Homecare assignment problems.
Related Work
To the best of our knowledge the first approaches to the problem are due to [1] and [2] . In the first paper, a simple scheduling heuristic is employed, whereas in the latter a MIP model has been formulated. Besides these early works, a few other modeling and solution approaches have been proposed for the Homecare problem. An established way, is to look at the problem from a set-partitioning perspective with side constraints [3, 4] and solve it through variants of ILP methods (branch-and-price). In particular, Rasmussen et al. [3] focus on different temporal constraints among activities, which generalize the concept of synchronization constraints that will be described in Section 2.2.
Other works deal with a variant of the problem that considers multimodal transportation (i.e., car or public transportation), which is solved by hybrid approaches. Bertels and Fahle [5] use a combination of linear programming, constraint programming, and metaheuristics in a flexible tool that will handle multiple variants of constraints. Rendl et al. [6] solve the problem with a hybrid approach that employs CP for generating a valid initial solution to the problem and improves it through a number of different metaheuristics.
